The association of Campylobacter pyloridis with antrum gastritis and peptic ulcers was described. We investigated antral biopsies from 180 patients who underwent gastroscopy. By culture or Gram stain or both, we found overall 98 (54%) of them to be positive for C. pyloridis. In the various groups the following percentages were found to be positive: normal antral mucosa 3% (n = 30); moderate superficial antrum gastritis, 49% (n = 83); severe superficial antrum gastritis, 86% (n = 44); duodenal ulcer, 83% (n = 54); and gastric ulcer, 72% (n = 18). A serological screening that used a complement fixation test yielded the following results: highest rates of positive complement fixation titers were seen in patients with severe gastritis and those with duodenal ulcers, both with 79%; the lowest incidence was in a group of 20 blood donors, with 5%. Positive complement fixation titers in gastritis patients also correlated well with characteristic patterns on immunoglobulin G and A immunoblots, while there was no specific reactivity observed on immunoglobulin M immunoblots.
The association of Campylobacter pyloridis with antrum gastritis and peptic ulcers was described. We investigated antral biopsies from 180 patients who underwent gastroscopy. By culture or Gram stain or both, we found overall 98 (54%) of them to be positive for C. pyloridis. In the various groups the following percentages were found to be positive: normal antral mucosa 3% (n = 30); moderate superficial antrum gastritis, 49% (n = 83); severe superficial antrum gastritis, 86% (n = 44); duodenal ulcer, 83% (n = 54); and gastric ulcer, 72% (n = 18). A serological screening that used a complement fixation test yielded the following results: highest rates of positive complement fixation titers were seen in patients with severe gastritis and those with duodenal ulcers, both with 79%; the lowest incidence was in a group of 20 blood donors, with 5%. Positive complement fixation titers in gastritis patients also correlated well with characteristic patterns on immunoglobulin G and A immunoblots, while there was no specific reactivity observed on immunoglobulin M immunoblots.
Campylobacter-like organisms that have recently been named Campylobacter pyloridis (9, 17) have become an interesting object in the discussion of the etiology of gastritis and peptic ulcer. Marshall and Warren (10, 20) were the first to describe the association of the presence of Campylobacter-like organisms in the antral mucosa with histological evidence of antrum gastritis as well as with peptic ulcers, especially duodenal ulcers. A causative relationship, however, has not yet been established.
In this study, we looked for C. pyloridis in antral biopsies from 180 patients and correlated it with the presence of peptic ulcers and antrum gastritis. Furthermore, we looked at the humoral immune response by means of a complement fixation (CF) test. For a more detailed analysis the immunoblot technique was used, which also enabled us to differentiate among immunoglobulin G (IgG), IgA, and IgM immune responses.
MATERIALS AND METHODS
Patients. A total of 180 patients who had been referred to the Department of Medicine and who underwent upper gastrointestinal endoscopy for various reasons were finally evaluated. In 104 of these patients blood samples were taken at the time of endoscopy.
Biopsies. Biopsies were taken from the antral mucosa as far away as possible from mucosal lesions, placed into thioglycolate medium, and cultured within 3 h of collection. In most cases, parallel specimens from the antrum were placed in Formalin, sent to the pathology laboratory, and routinely processed for histology.
Microscopy and culture. Each biopsy was first rubbed across the surface of a blood agar plate (blood agar base no. [7] ) was suspended in 300 ,ul of sodium dodecyl sulfate (SDS) sample buffer (0.06 M Tris hydrochloride, pH 6.8, containing 2% SDS, 10% glycerol, 5% 2-mercaptoethanol, 0.001% bromphenol blue). The mixture was then heated for 5 min in a boiling-water bath and centrifuged at 10,000 x g for 2 min at room temperature. The solubilized supernatant of the sample was then subjected to SDS-polyacrylamide gel electrophoresis (PAGE) at a constant current of 40 mA for 4 h, using a 0.15-cm-thick slab gel of 12% acrylamide as running gel and 3.5% acrylamide as stacking gel in a discontinuous buffer system as described by Laemmli (5).
Immunoblot. Protein transfer to nitrocellulose was performed according to a modification (J. Heesemann, submitted for publication) of a vacuum-blotting procedure described by Peferoen et al. (14) . Briefly, one sheet of nitrocellulose (BA 85; Schleicher & Schuell, Dassel, Federal (19) , and ten sheets of dry Whatman 3M paper were applied to each side of the gel in that order. This "sandwich" was then subjected to a vacuum gel dryer (model 224; Bio-Rad, Munich, Federal Republic of Germany) for 1 h with initial heating for 10 min. After removing the Whatman 3M paper, the nitrocellulose-gel sandwich was inserted into a blocking buffer (0.01 M Na2HPO4/NaH2PO4, 0.15 M NaCl, pH 7.5, 0.5% Tween 20, 0.1% sodium azide). The liberated gel was stained with Coomassie blue (2) . After the blocking procedure, the nitrocellulose was cut into approximately 3-mm-wide strips. Each strip was incubated with 5 ml of patient serum diluted 1:100 in blocking buffer overnight with gentle shaking at room temperature. The strips were subsequently washed three times for 10 min in blocking buffer and then incubated for 3 h at room temperature with alkaline phosphatase rabbit anti-human IgG (H plus L chains) ( In the evaluation C. pyloridis organisms were graded quantitatively according to Marshall and Warren (10) as follows: negative, no typical organisms seen; +, spiral bacteria rarely seen; ++, scattered bacteria seen in most high-power fields; +++, numerous bacteria observed in most high-power fields. Those cases where C. pyloridis was cultured but not seen on the Gram film of the biopsy were graded as +. These results are summarized in Table 1 . In viewing these data, it has to be taken into account that some patients are represented twice in the table because they showed histological evidence of gastritis and at the same time presented with a peptic ulcer at endoscopy. If these patients with peptic ulcers are excluded from the gastritis groups, the C. pyloridis-positive yield is reduced for patients with moderate gastritis from 49 to 40% and for those with severe gastritis from 86 to 77%. Thus, the highest yield for C. pyloridis is found in patients with duodenal ulcer (83%).
All patients with duodenal ulcer where antrum histology was available showed some degree of antrum gastritis; the corresponding data are shown in Table 2 . These results show that almost all (18 of 19) duodenal ulcer patients with severe antrum gastritis were positive for C. pyloridis.
CF test. Results of the CF test were expressed as titers. CF titers below 5 were valued as negative, while those equal to or higher than 5 were taken to be reactive. Details of these test results are shown in Table 3 . Basically, the same groups of patients have been listed as in Table 1 . However, each group has been subdivided into two groups on the basis of whether they were positive or not for C. pyloridis on culture or Gram stain or both.
Furthermore, a group of 20 blood donors was also included of which only 1 was reactive in the CF test and only at a titer of 5. Patients with severe gastritis and those with duodenal ulcer had the highest incidence of CF reactivity (Table 3) .
SDS-PAGE and immunoblot. Figure 1 shows on the lefthand side next to the marker protein bands the Coomassie blue stain of an SDS-polyacrylamide gel of a whole-cell lysate of the C. pyloridis strain that served as antigen for both the immunoblot and the CF test. The major protein bands of this strain as well as of some other C. pyloridis strains we tested (data not shown) had calculated molecular weights of 79,000, 72,000, 63,000, 60,000, 55,000, 30,000, 26,000, and 24,000. The 110-kDa protein band was reactive on the IgG blot in six of eight tested sera from gastritis patients, but in none of the 12 tested sera from patients with normal antral mucosa. On the IgA blot this protein band also showed reactivity with 6 of 8 sera from gastritis patients and also 1 of the 12 sera from patients with normal histology.
Similarly, a 22-kDa band appeared on seven of eight IgG blots from the gastritis patients and in none of the IgG blots from patients with normal antrum mucosa. On the IgA blots, however, this protein band did not show reactivity with any of the sera tested.
DISCUSSION The study presented here shows a strong correlation between superficial gastritis of the antrum and the occurrence of C. pyloridis on the antral mucosa as evidenced by microscopy or culture of the organism or both. The correlation was more pronounced with severe gastritis (86%) than with moderate gastritis (49%). Isolation of C. pyloridis also correlated strongly with a diagnosis of duodenal ulcer (83%) and somewhat less with gastric ulcer (72%). The correlation was most pronounced in patients who suffered from a duodenal ulcer and, at the same time, showed severe superficial gastritis of the antrum (95%). In all patients with duodenal ulcer where histology of the antrum was available, either moderate (n = 21) or severe (n = 19) superficial gastritis of the antrum was present. On the other hand, only 1 of 30 patients with a normal histology of the antrum showed evidence for the presence of C. pyloridis. Similar rates of isolation of C. pyloridis from the antral mucosa of patients with superficial antrum gastritis or peptic ulcers or both have also been reported by other authors (3, 6, 10, 11, 15) . On histology the organisms appear to be located within the mucin layer of the antral mucosa, sometimes in close contact with the luminal surface of the epithelial cells of the mucosa. However, in accordance with other authors (3, 18), we could not detect signs of tissue invasion. If this were indeed so, one would hardly expect a humoral immune response in the host.
However, as we could demonstrate by using a CF test with the sonic extract of a C. pyloridis strain as antigen, increased CF titers were seen much more often in patients with gastritis in whom C. pyloridis was present than in patients without detectable C. pyloridis. In addition, only 1 of 20 healthy blood donors showed a positive CF titer. The highest rates of positive CF titers were observed in patients with severe gastritis and those with duodenal ulcer (both with 79%).
To find out more about the immune response to C. pyloridis, we made use of the immunoblot method. By this method distinct patterns of immune response to various protein antigens can be differentiated. Furthermore, the patterns gained for IgG, IgM, and IgA can be compared with one another.
Basically, the IgG and IgA blots correlated quite well with the CF titers; i.e., sera with higher CF titers also generally reacted with more protein bands on the blots. The IgA blots, however, revealed a much smaller number of bands than the IgG blots. Although there was no single clear-cut pattern for gastritis patients versus patients with normal antral mucosa on either the IgG or the IgA blots, certain bands (e.g., a band of about 110 kDa) reacted with the majority of sera from gastritis patients while only rarely reacting with sera from patients with normal antrum mucosa.
All sera reacted with a protein of about 60 kDa. This applied also to the IgM blot, whereas practically none of the tested sera reacted with any other protein band on the IgM blot regardless of the CF titer. That almost all sera were positive for the 60-kDa protein is indicative of a reaction that is not specific for C. pyloridis. Similar serological findings were also reported by other authors (3, 8) . Some authors also reported higher antibody titers in adults than in children, indicating that the infection is acquired later in life (4, 8) .
That not all gastritis patients positive for C. pyloridis on culture or microscopy also showed raised CF titers or characteristic bands on the immunoblot might of course be explained by antigenic differences of infecting C. pyloridis strains. However, Pearson et al. (13) as well as Megraud et al. (12) , when comparing protein profiles of different C. pyloridis strains by PAGE, did not find major differences between them. Pearson, who performed PAGE after ultrasonication of whole-cell extracts, found in all the tested strains the same major protein bands with molecular weights of 62,000, 53,000, 50,000, 39,000, 25,000, 21,000, and 14,000. 
